We tested the application of the concept of hemeroby and generalism at community level, on a set of birds occurring in various habitats of central Italy characterized by different level of disturbance. In each habitat-related bird community, we applied the recently published species-specific score in hemeroby (a proxy of habitat-related disturbance; HS i ) and hemerobiotic diversity (a proxy of generalism; H'H i ) to local species frequency, obtaining weighted values at community level (HS tot and H'H tot ). The relationship between HS tot vs. H'H tot showed an increasing trend moving from reed beds through forests and mosaan increasing trend moving from reed beds through forests and mosaics to urban communities. Quadratic model (best fit) evidenced a significant correlation between these variables and a tendency toward a hump-shaped curve, corroborating results already observed at species level (intermediate generalism hypothesis). The co-inertia analysis discriminated four groups of habitat-related communities, characterized by species with different levels of disturbance-sensitivity (expressed by HS i ) and generalism (expressed by hemerobiotic diversity; H'H i ): (i) forest type-related, where mature wood communities were separated from a coppiced wood one; (ii) communities of moderately disturbed agricultural habitats; (iii) communities embedded in highly disturbed mosaics, and (iv) a group including either a highly disturbed urban habitat or a low disturbed wetland reed bed, with highly specialized species (respectively, synanthropic species and water-related species). Total scores in hemeroby and hemerobiotic diversity, expressing the composition in species with different disturbance preference and generalism, might act as good community-based indicators of degree of naturalness, especially for forest habitat types.
Introduction
Biological species show different levels of preference and sensitivity to differently disturbed habitat types, depending on their natural history, ecology, behaviour and life-cycle (Sousa 1984 , Dornelas 2010 . In this regard, ecologists have investigated the role of disturbances at level of the structure of populations, for example considering species-specific ecological traits (Henle et al. 2004, Ewers and Didham 2006) . In particular, a few of these traits are considered to be strong predictors of sensitivity to natural or anthropogenic perturbations (Mouillot et al. 2013 ): for example, the level of generalism has been considered an important ecological trait that has a role of predictor in disturbance sensitivity of species (Julliard et al. 2006 , Katayama et al. 2014 . In fact, stenoecious species show different responses to natural or anthropogenic perturbations when compared to progressively more generalist species (Wiens 1989 , Reif et al. 2013 , for a review).
Among the many biological indicators which have been proposed for the study of disturbances, a paramount importance is represented by the indicator of hemeroby, used in the assessment of the level of disturbance in different vegetation types and defined as the sum of the effects of disturbances on ecological components (ter Braak and Barendregt 1986 , Kowarik 1988 , Grabherr et al. 1998 , Steinhardt et al. 1999 , Hill et al. 2002 , Testi et al. 2009 , Schleupner and Schenider 2013 . Hemeroby can be easily calculated by analysing the composition of species in assemblages belonging to specific habitat types (Fanelli et al. 2005) . As plant species can be considered indicators of anthropogenic pressures and impacts (Bossel 1999) , plant communities are even better suited for the evaluation of hemeroby than single species, since a combination of species carries a larger amount of information than a single one. Then, plant community can be used to show the score of hemeroby of a habitat (Fanelli et al. 2005) , and these values are given in a 10-point scale (from completely pristine habitats to completely altered vegetation-based habitat types) proposed by Kowarik (1988) .
Although hemeroby was originally developed in the context of plant ecology, the concept can be applied also to other organisms. Among vertebrates, birds are a species-rich class characterized by species with different ranges and habitats where they occur along a gradient of increasing disturbance: from species related to old forests and other pristine habitats (e.g., interior species; Villard 1998), to species related to crops and extensive agriculture (e.g., farmland species, edge species; Gregory et al. 2004 ) to synanthropic ones living in urbanized contexts (Marzluff et al. 2001 , Blair 2004 , Crooks et al. 2004 . The great availability of information about the breeding ecology of birds at multiple scales (Sharrock 1976 , Lack 1986 , Devictor et al. 2008a , Devictor and Robert 2009 , Belmaker et al. 2012 , Morelli et al. 2016 , allows their characterization from disturbance-sensitivity species to disturbance-tolerant ones following their occurrence along a gradient from pristine habitats to highly disturbed ecosystems (Brawn et al. 2001) . In particular, the sensitivity to disturbance of birds can be expressed indirectly from the relationship between species and habitat where they occur (Brawn et al. 2001, Fanelli and Battisti 2014) , and recently it was possible to assess the level of hemeroby of a large number of bird species for Central Italy (Battisti and Fanelli 2015a) .
In this paper, we would extend the application of the concept of hemeroby and generalism at community level, testing for the first time the effectiveness of this approach on a set of avian assemblages occurring in habitat types characterized by different levels of disturbance (from wetland reed beds through semi-natural forests to urban habitats). To strengthen the resulting values, we would also test their assessment at community level using dataset that are independent from those used for developing the scores of hemeroby and generalism indices at species level (Battisti and Fanelli 2015a) . Moreover, considering that the relationship between hemeroby of the species and their generalism shows a hump-shaped pattern (intermediate generalism hypothesis; Battisti and Fanelli 2015a), we would test its occurrence also at community level.
Materials and methods
We analyzed a sample of 12 original studies on breeding bird communities located in Latium (Tyrrhenian central Italy) and carried out using a comparable sampling protocol (point counts method; Bibby et al. 2000) (Table 1 ). The original studies were selected to obtain a heterogeneous sample of bird communities occurring in vegetation-related habitat types along a gradient with a different level of disturbance: from wetland reed beds to coppiced and mature forests, to agricultural and urban habitat types.
Each of the 12 studies has been carried out using a different number of sampling stations; among them Ree and Fo3 habitat types have only 10 point counts, therefore we built a new dataset by randomly selecting 10 point counts for each of the remaining ten habitat types ("sample" function in R package "base"). In order to have a representative random dataset for each habitat type, we compared the similarity/dissimilarity between 20 random matrices (i.e., each one made of 10 point counts randomly selected) for each habitat type by calculating an index of similarity "R" obtained from a permutation test (n. perm = 999, distance of similarity between matrices = euclidean; "anosim" function in R package "vegan"). The R value is based on the difference of mean ranks between matrices and within matrices and it ranges between -1 and +1; values close to 1 indicate significant dissimilarity (p-value < 0.05). Being all matrices not significantly different for each habitat type (see Results), we were able to use the new dataset for the analyses. On this new dataset, for each species in each bird community we re-calculated their relative frequency as fr i = n. individuals of the species i th /total n. of sampled individuals (Supplementary materials S1).
We calculated the hemeroby value for each species considering the geographically-related datasets (e.g., bird atgeographically-related datasets (e.g., bird atlases) which report the quantitative distribution of habitat preference for a large number of species, and referring each habitat type to a level of hemeroby on the base of the scale of Kowarik (1988) .
For each bird species we obtained a hemeroby score (hereafter HS i ) calculated as:
where F ij is the frequency of occurrence of the bird species i in the habitat j and H j is the hemeroby of the j th habitat (obtained from �owarik 1988); the � subscripts refer to summa�owarik 1988); the � subscripts refer to summa-; the � subscripts refer to summation over habitats. This formula is widely used in plant ecology, and represents the weighted average or barycentre of the species distribution along the hemerobiotic gradient. With the increase of HS i , the species connection to progressively more disturbed habitats also increases.
Analogously, we measured the generalism for each species from frequency of occurrence among different habitat types (hemerobiotic diversity) by means of Shannon's forby means of Shannon's formula:
where H ik = F ik × HS i /∑ j F ik , (F ik is the frequency of occurrence of the bird species i at a level of hemeroby k). This score may indicate the level of generalism/specialization of the species i in regard to the frequency of different disturbed (hemerobiotic) habitat types (higher H'H i expressing a higher generalism of the species; further details in Fanelli 2015a, Fanelli and .
Then, we also calculated the species-specific frequency considering that (i) each i th species has a proper score both in hemeroby (a proxy of habitat-related disturbance; HS i ) and hemerobiotic diversity (a proxy of habitat generalism; H'H i ) and that (ii) for each habitat, it is possible obtain a weighted value for these two indices for each species in each community, multiplying their frequency for the species-specific index score (see Supplementary materials S1 and S2). These regional data were recently calculated (Battisti and Fanelli 2015a) , and they are here newly reported in Table 2 .
Then, we obtained the sum of species-specific index scores named, respectively, total hemeroby score (a proxy of habitat-related disturbance expressed at community level):
and total hemerobiotic diversity (a proxy of generalism at community level):
where (i) fr i is the relative frequency of each i th species and (ii) HS i and H'H i correspond, respectively, to the scores in hemeroby and hemerobiotic diversity of each i th species in each community. We calculated confidence intervals (5 th and 95 th percentile) for HS tot and H'H tot by selecting at random N-1 species, calculating the averaged values and repeating the process with 100 permutations. Habitat-related communities, characterized by their scores of HS tot and H'H tot , have been plotted in a Cartesian space to detect a pattern along the two gradients (from low to high hemeroby and from low to high hemerobiotic diversity). To test the hypothesis that the HS tot and H'H tot are directly correlated, we compared the data distribution by fitting three models (linear, logarithmic and quadratic) and selecting the best one by the AIC (Akaike Information Criterion).
To relate the assemblages of species in a symmetric way, we used co-inertia analysis (CoIA). CoIA is a general and flexible way to couple two or more datasets, which are ordered along the axes of CoIA analysis to maximize covariance. In our case we compared two datasets, one for HS i and another for H'H i for all the 12 habitat-related breeding bird communities (Supplementary materials S2) . The RV coefficient is a multivariate generalization of the Pearson correlation coefficient. This coefficient ranges between 0 and 1: the closer the coefficient to 1, the stronger the correlations between the datasets. The strength of CoIA is that it can deal with large numbers of variables in each set and that it includes, by way of preprocessing the weight of rows and columns with the condition that the row weights must be equal in the two separate ordinations (ter Braak and Schaffers 2004). The method finds a common space onto which the ob�ects (i.e., habitat types and their communities in this study) and variables of these datasets can be projected and compared. The ordination method used by CoIA can be the correspondence analysis or principal component analysis (PCA in our analysis). We performed a permutation test (999 in our analysis) to assess the significance of the co-structure of the data tables.
The analyses were performed using R3.0.3 software for Windows (R Core Team 2017). The alpha was set to 0.05. Table 3 . Results of the similarity/dissimilarity test performed on 20 matrices randomly generated for each of the 10 habitat types: N s is the total number of species, N is the total number of point counts (as recorded in original papers, see Table 1 ) from which we randomly selected the 10 points to build the 20 matrices; the R index and p-value are obtained from the test. The habitat types Ree (Ns = 12, N = 10) and Fo3 (Ns = 38, N = 10) were excluded from this analysis (see Materials and methods, for details). 
Results
The 20 matrices, each one made of 10 point counts randomly selected, showed R indexes close to zero for each habitat type indicating completely random grouping (i.e., no significant difference between and within matrices) ( Table 3 ).
In the 12 habitat-related bird communities we detected a total of 54 breeding species each one having specific HS i and H'H i , scores (Supplementary materials S2).
At community level, the scores of the cumulative indices HS tot and H'H tot are reported in Table 4 . Plotting these data in a Cartesian space shows a clear trend moving from reed bed community (placed at the end in the lower left; low values of both indexes) to forest communities (placed in an intermediate position along the gradient), to mosaic communities (having higher scores), to urban habitats (right end of the diagram) (Fig. 1) . The best fitting model of these data resulted the quadratic model expressed by a weak hump-shaped curve (AIC = -7.94, R 2 = 0.78, F 2,9 = 16.37, p = 0.001) when compared with logarithmic model (AIC = -7.53, R 2 = 0.73) and linear model (AIC = -2.67, R 2 = 0.60). Among the four forest communities a growing trend in H'H tot and HS tot moving from beech wood (Fo1), to Mediterranean high forest (Fo2), to coppice (Fo3), and urban park (Fo4) was observed (Fig. 1) .
The CoIA analysis showed a strong and significant relationship between these two variables in each habitat type (RV coefficient = 0.992, p = 0.001 after 999 permutations). Of the 11 axes of CoIA, the first five axes (cumulative inertia) explained more than 90% of the total variation (i.e., axes from 1 to 5 = 91.41% of cumulative pro�ected inertia). The first two axes explained 62.61% of the total variation (Axis 1 = 40.36% of the variation, eigenvalue = 158.27, covariance = 12.58, correlation coefficient between H'H i and HS i scores on the Axis 1= 0.9987; Axis 2 = 22.25% of the variation, eigenvalue = 87.26, covariance = 9.34, correlation coefficient between H'H i and HS i values on the Axis 2 = 0.9989). The normed site score plot (Fig. 2) showed the position of the 12 habitat types projected on the CoIA axes based on the correlation between the canonical weight of the H'H i and HS i values of the species. Figure 2 also shows that, based on species-specific weighted scores of HS i and H'H i , these two indices discriminated different groups of habitat-related communities: (i) a first group of forest communities, where different mature woods (Fo1, Fo2, Fo4) were separated from the coppiced wood community (Fo3); (ii) a second group including communities living in less disturbed traditional habitats such as mosaics, crop lands, olive groves (Mo1, Mo2, Cr1, Oli); (iii) a third group of communities located in agricultural habitat types embedded in highly disturbed landscapes (Cr2 and Mo3). Finally, two different habitat-related communities showed an isolated placement: the highly disturbed urban habitat (Urb) and, at the opposite, the low disturbed wetland reed beds (Ree).
Discussion
Studies exploiting the concept of hemeroby are quite numerous in plant ecology but this concept has been very rarely tested in the field of animal ecology. Battisti et al. (2016) calculated the hemeroby for the bird species of the Torre Flavia marshland, a site on the coast near Rome, comparing these values with the plant communities of the marshland, obtaining a good correspondence. Extending this concept to animals, Battisti and Fanelli (2015a) calculated the hemeroby values for most common bird species of a large area of central Italy on the basis of the regional range of their distribution. These values made possible the evaluation at community level of the hemeroby score (HS tot ), a proxy for the total preference towards differently disturbed habitats, and a hemerobiotic diversity (H'H tot ), a proxy for their total amount of generalism, along a rural-urban gradient.
The strong correlation between H'H i and HS i resulted from CoIA supported what we observed for total values. However, although the scores in HS tot and H'H tot obtained in our set of habitat-related communities appear directly correlated (i.e., increasing the total level of hemeroby in a community, increase the total level of generalism), the best fit line in the relationship between HS tot and the H'H tot also suggests a weak tendency for a hump-shaped pattern corroborating the evidence yet obtained at species level (intermediate generalism hypothesis; Battisti and Fanelli 2015a Table 1. showed lower HH values, i.e., are restricted to a narrow range of habitat types.
At community level, this tendency appears weak because the number of studies here reviewed is not high as the number of species analyzed in the previous work (12 vs. 75; Battisti and Fanelli 2015a) . However, having a larger set of communities located on a wider gradient in habitat disturbance, we hypothesize that the interemediate generalism hypothesis could be corroborated also at community level, i.e., that the relationship between hemeroby and generalism could be hump-shaped with a peak in hemeroby at intermediate levels of generalism.
However, moving from communities inhabiting wetland reed beds, characterized by lowest total values in hemeroby and generalism because of largely composed by highly specialized water-related species (Báldi and Kisbenedek 1999 , Paracuellos 2006 , Benassi et al. 2009 ), we observed progressively higher scores in both the indices for forests, to open scrubland/grassland mosaics. At the extreme was located the urban habitat, characterized from the highest value of HS tot (highest weighted hemeroby), which showed indeed a tendential decrease in hemerobiotic diversity values (H'H tot ,). In particular, urban and open mosaic habitat types largely overlap in respect of the HS tot scores, but they may be differentiated according to the level of H'H tot . This seems to show that the species of highly disturbed habitats (e.g., urban contexts) are generally more specialized due to their occurrence only in heavily anthropized contexts, whereas the species of open mosaic, exploring a number of different habitats could show a lower specialisation (lower H'H) (see Suárez-Soane et al. 2002 ).
An interesting aspect is represented by the fact that different forest types are clearly separated along the axis of total hemeroby and generalism. Mature, more structured forests with lower level of disturbance (beech woodlands, Fo1, and mature Mediterranean forests, Fo2) resulted less hemerobiotic (lower HS tot ) and composed from more specialized species (lower H'H tot ) than coppiced (Fo3) and urban forests (Fo4). Also the co-inertia analysis showed that the coppiced forest (Fo3) is different from the other forest types, including the urban forest (Fo4). This result can indicate that the coppiced forest is a more disturbed habitat type when compared to other forest types, hosting a bird community of species with higher values of H'H i and HS i . In this case, the urban forest (Fo4) resulted more similar to the mature forests (Fo1 and Fo2) possibly because the urban forest is an urban park characterized by a core area of mature trees, hosting disturbance-sensitive and interior species with a lower degree of generalism (lower H'H i values; e.g., woodpeckers, Sitta europaea; Matthysen et al. 1995 , Bianconi et al. 2004 , Villard and Jonsson 2009 . Therefore, our results suggest that the total scores either of hemeroby (HS tot ) and generalism (H'H tot ) calculated for these assemblages might act as a good community-based indicators of the degree of naturalness of forest habitat types. This is an important result, since that it is sometimes difficult to differentiate forests with different level of impact (Anderson 1991 , Winter 2012 : Indeed, although there is a very characteristic flora of old-growth forests (e.g., Peterken 1974 , Bossuyt 1999 , the floristic turnover related to disturbance is generally small, and therefore plant hemeroby values can be of little use in the assessment of naturalness along gradients. Other indicators, for instance the structure of forest, the changes in cover values inside the communities and presence of dead wood can be useful, and a certain number of models have been developed (Canterbury et al. 2000 , Reif and Walentowski 2008 , Winter 2012 , Testi et al. 2009 . Hemeroby calculated only on floristic data has been used successfully for the assessment for forest naturalness, but this effort is effective usually along broad gradients and at a large scale, whereas it seems less efficient at smaller scale and with finer detail (Grabherr et al. 1998) . Probably weighted values at vegetation levels, and, in our case, the differentiation of forest-related bird communities are instead striking with a clear gradient differentiating mature from coppiced forests along a hemeroby-generalism gradient.
Regarding non-forest communities, we showed by coinertia analysis that crop-land (Cr1), olive groves (Oli), and mosaics in agricultural context (Mo1 and Mo2) are close to each other, hosting species with high degree of both indices: probably these habitat types have a high level of heterogeneity typical of agricultural mosaic landscapes implying the presence of species at medium level of generalism (Benton et al. 2003 , Devictor et al. 2008b ). Differently, crop-land and mosaics surrounded from an urbanized matrix (Cr2 and Mo3) host a high number of highly disturbance-related species, which can explain their isolated location. Finally, two communities related to very different habitat types (urban settlements, Urb, and reed beds, Ree), appear nearby and isolated in the CoIA pattern: following our hemeroby/generalism similarity criterion, the presence of a large set of peculiar and specialized species (respectively, synanthropic and wetlandrelated species) may explain their peculiar placement.
Conclusions
Our results suggest that the hemeroby of breeding birds (HS tot ), related to their level of generalism (H'H tot ), may represent an useful and operational tool when studying the level of disturbance expressed from bird assemblage along habitat gradients. These two indicators here applied at higher hierarchical level (from species to community) might be used in assessment in environmental quality of specific habitat types of conservation concern or management interest (e.g., Special Areas of Conservation; Habitat 92/43/CEE). The main strength of this approach is its ease in use due to common species involved, which are easily detectable with a quick method and often better indicate the state of an ecosystem when compared to rarest ones (Gregory et al. 2003 , Battisti and Fanelli 2015b , Koch et al. 2011 .
